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引言 










have to take great care to generalize a 
finite-difference algorithm based on partial 
first-order upwinding to take account of the 
unsteady effects,cross-grid transport,and explicit 
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数值摄动差分法简介 
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其中：数值摄动重构诸函数 1 2 3 4, , ,uc cc uc ccG G G G 和














































































































系 数 为 零 ， 文 献 [7-9] 给 出 的
1 1 2 2 3 3, , , , ,uc us cc cs uc usG G G G G G 和本文计算导出的

























uc us x x x x
cc cs x x x
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解 析 解 为 / 1/( ) ( 1) / ( 1)xx C x e e      ， 取
1C ，方程（2）是含函数源项对流扩散方程，













(1)    errorL
2
(2)    errorL
max
(1)    errorL
max
(2) 
20    4.4460e-11     1.2703e-01      9.2750e-11     1.8859e-01 
40    2.7761e-11     4.9369e-02      8.4885e-11     7.2310e-02 
其中： errorL
2



































































2L (1UDS) 2L  (1UDPS)  maxL (1UDS) maxL (1UDPS) 
160 1.8452e-02 2.4865e-03 1.4703e-01 4.1586e-03 
320 1.0241e-02 6.2082e-04 8.6095e-02 1.0319e-03 
 
2L (3UDS) 2L (3UDPS) maxL (3UDS) maxL (3UDPS) 
320 5.6078e-04 2.9028e-04 5.7027e-03 1.6989e-03 
640 2.0565e-04 1.0883e-04 2.1343e-03 2.3269e-04 
 
2L (4CS) 2L (4CPS) maxL (4CS) maxL (4CPS) 
320 1.3234e-03 7.0950e-04 1.3282e-02 1.1604e-03 

















   
 图 3  一阶迎风及其摄动格式计算的解与真解比较 
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方 程 (4) 的 解 析 解 为











N L2 (2CS) L2 (2CPS) Lmax (2CS) Lmax (2CPS) 
320 8.1962e-04 1.1486e-04 6.0764e-03 2.0119e-04 
640 2.0379e-04 2.7936e-05 1.5066e-03 4.7299e-05 
 L2 (3UDS) L2 (3UDPS) Lmax (3UDS) Lmax (3UDPS) 
320 5.6759e-04 2.9825e-04 4.1943e-03 1.9138e-03 
640 1.6917e-04 5.2820e-05 1.2498e-03 2.9419e-04 
 L2 (4CS) L2 (4CPS) Lmax (4CS) Lmax (4CPS) 
320 8.2461e-04 1.2305e-04 6.0920e-03 2.0330e-04 
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方 程 (5) 的 解 析 解 为
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N×N L2 (2CS) L2 (2CPS) Lmax (2CS) Lmax (2CPS) 
20  20 5.3111e-03 2.1409e-03 3.3824e-02 8.6658e-03 
40  40 1.2594e-03 5.4148e-04 8.6490e-03 9.4653e-04 
80  80 3.0433e-04 1.4019e-04 1.9733e-03 2.3923e-04 
 L2  (4CS) L2 (4CPS) Lmax (4CS) Lmax  (4CPS) 
20  20 1.2906e-02 9.7173e-03 9.0252e-02 6.2900e-02 
40  40 1.5952e-03 7.7335e-04 1.1837e-02 3.9796e-03 
80  80 3.1841e-04 1.4212e-04 2.1037e-03 3.6919e-04 
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Numerical perturbation difference 
algorithm for improve the accuracy of the 
convective-diffusion equation with source 
term  
 
Zeng Fang-jun1,2, Shu-Shi1, Li Ming-jun1，gaozhi2 
(1. School of mathematics and computational science, Xiangtan university, Hunan, 411105) 
(2. Institute of Mechanics, Chinese Academy of science, Beijing 100080) 
Abstract The existence of the function source term 
in convective-diffusion equation makes many 
schemes produce false diffusion. The numerical error 
generated by many schemes in the computation of 
convective-diffusion equation that contains source 
term is much great than those computation of the 
homogeneous convective-diffusion equation. In this 
paper, we discuss whether the Gao Zhi numerical 
perturbation difference algorithm can alleviate the 
false diffusion mentioned above.The whole accuracy 
of schemes after perturbation has been great 
improved by perturbating both the convection term 
and source term when compared with the schemes 
without perturbation,which is the excellent properties 
of the perturbation scheme. Finally we proved the 
properties of numerical perturbation difference 
algorithm through numerical tests. Since that the 
convective-diffusion equations(such as the 
Navier-stokes equations) of important value in the 
engineering are almost have source term, then we can 
apply the excellent properties of the numerical 
perturbation difference algorithm into the 
computation of engineering, which will bring 
important practical value. 
Key words numerical perturbation difference 
algorithm, computational fluid dynamics, 
convective-diffusion equation, function source term 
 
